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SUMMARY

On December 13, 2002, a 29-year-old male
volunteer Fire Fighter completed the written
examination portion of his Emergency Medical
Technician (EMT) certification. After turninginthe
examination he excused himself to the restroom.
After approximately 10-15 minutes, hewasfound
lying ontherestroomfloor unresponsvewithno pulse
and norespirations. Cardiopulmonary resuscitation
(CPR) wasbegun immediately and an ambulance
was requested. Approximately 56 minutes later,
despite CPR and advanced life support (ALS)
administered on the scene and at the hospital, the
victimdied. Thedeath certificate, completed by the
Justice of the Peace listed “acute myocardial
infarction” astheimmediate cause of degth.

The following recommendations address some
genera health and safety issues. Thislistincludes
some preventive measures that have been
recommended by other agenciesto reducetherisk
of on-the-job heart attacksand sudden cardiac arrest
amongfirefighters. Thesesdected recommendations
have not been evaluated by NIOSH, but they
represent published research or consensusvotes of
technica committeesof theNationd FireProtection
Association (NFPA) or fire service labor/
management groups. Whiletheserecommendations
could be used at thisFire Department, it isunlikely
any of these measures could have prevented this
victim’'suntimely degth.

 Conduct pre-placement and periodic
medical evaluations to determine the fire
fighter’s medical ability to perform duties
without presenting a significant risk to the
safety and health of themselves or others.

* Firefighterswith two or morerisk factors
should have an Exercise StressTest (EST).

* Ensurethatfirefightersareclearedfor duty
by a physician knowledgeable about the
physical demands of fire fighting and the
various components of NFPA 1582 and the
results of the exam are discussed with the
fire fighter.

* Phase in a mandatory wellness/fitness
program for fire fighters to reduce risk
factors for cardiovascular disease and
improve cardiovascular capacity.

* Designatea City employeeto administer the
pre-placement and annual medical
evaluations and their outcomes.

* Perform an autopsy on all on-duty fire
fighter fatalities.

Althoughunrdaedtothisfatdity, the Fire Department
should consider these additiona recommendations:

The Fire Fighter Fatality Investigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the program isto determine factorsthat cause or contributeto
firefighter deaths suffered intheline of duty. |dentification of
causal and contributing factors enable researchers and safety
specialiststo develop strategies for preventing future similar
incidents. The program does not seek to determine fault or
placeblame onfiredepartmentsor individual firefighters. To
request additional copies of this report (specify the case
number shown inthe shield above), other fatality investigation
reports, or further information, visit the Program Website at
www.cdc.gov/niosh/firehome.html
or call toll free 1-800-35-NI OSH
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* Provide fire fighters with medical
evaluations and clearance to wear SCBA.

INTRODUCTION & METHODS

On December 13, 2002, a 29-year-old male
volunteer Fire Fighter lost consciousness after
completing awritten examinationfor anEMT class.
Despite CPR and AL S administered by fellow
students, theEM T courseingtructor, theambulance
crew, and in the emergency department, thevictim
died. On January 7, 2003, NIOSH contacted the
affected Fire Department toinitiate theinvestigation.
On August 25, 2003, an Occupational Nurse
Practitioner and Occupationd Hedth Specidist from
theNIOSH FireFighter Fatality Investigation Team
traveled to Texasto conduct an on-siteinvestigation
of theincident.

During theinvestigation NIOSH personnel spoke
withthefollowing:

* FireChief

*  Crew members

*  Ambulanceparamedics

e Vicdim'swife

o SateFireMarshd’sChief Investigator

* EMT program chair

* City Secretary

e Victim'sparents

Duringthesitevist NIOSH personnel reviewed:

* FireDepartment incident report

*  Emergency medicd service (ambulance) incident
report

» Hogspital emergency department report

* Desathcertificate

* Past medica records of the deceased

» State Fire Marshal’s Line of Duty Death
Invedtigation

*  FHreDepatment policiesand operating guidelines

» FireDepartment training records

» FireDepartment annual report for 2002

INVESTIGATIVERESULTS

Incident. On December 13, 2002, at approximately
2000 hours, theFreFghter completed hisfind written
EMT examinationand excusad himsdf tothebathroom.
After atentofifteen minuteabsencehiswife, whowas
waiting for thedeceasad, asked afdlow sudent tocheck
onhim. Hewasfound unresponsivewith no pulseor
respirations, hiseyeswerefixed and dilated. Students
andtheingtructor immediately called 911 and began
cardiopulmonary resuscitation (chest compressonsand
assisted ventilations via mouth-to-mouth). The
Emergency Medical Services (EMS) ambulance
arrived at 2019 hours. A defibrillator wasplaced on
thevictimreveding asystole, anon-perfusing cardiac
rhythmincompatiblewithlife. Two stackedincressing
defibrillationswere administered without changein
theFreFighter’sheart rhythm. Thevictimwasthen
successfully intubated. Placement was verified
visualy and with bilateral breath sounds by the
ambulance EMT and the EMT courseinstructor,
however no secondary placement methods (bulb or
endtida CO,) wereused. Intravenousaccesswas
unsuccessful and, according toAL S protocol, one
milligram (mg) of Epinephrinewasadministered via
the endotracheal tube (ETT). A third shock was
administered with no changeintheFire Fighter’'s
heart rhythm. TheFireFighter wasloaded into the
ambulance and departed the scene at 2035 hours.

Enroute, ALS protocol medications were
administeredviaETT and hewas shocked two more
times. Theambulancearrived at theloca hospitd’s
Emergency Department (ED) a 2040 hours (hospital
records state theambulance arrived at 2030 hours).
During movement from the ambulance to the
hospital’s ER, the ETT became dislodged. The
physicianinthe ED reintubated the Fire Fighter with
placement verified by bilateral breath soundsonly.
Inside the ED, the Fire Fighter’s heart rhythm
remained in asystole. CPR and ALS measures
continued until 2056 hourswhenthe FireFighter was
pronounced dead by the attending physician.
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Medical Findings.

Thedesath certificate was compl eted by the Justice of
the Peace, who listed * Acute Myocardid Infarction”
as the immediate cause of death. No autopsy was
performed. TheFire Fighter had thefollowing risk
factorsfor coronary artery disease (CAD): family
history, male gender, smoking, hypertension,
hypertriglyceridemia, hypercholesterolemia,
physical inactivity and obesity [Body Mass Index
(BMI) of 36.1 kg/m? (A BMI above 30 kg/m?
indicates obesity)]*. The victim was currently
prescribed achol esterol-lowering medication but
not wastakingit. TheFireFighter’slast medical
evaluation was in February 2002, where no
mention was made of clearancefor firefighting
duties.

Accordingto hiswifeand classmates, theFre Fighter
did express chest tightnessthe day of thisincident
but, heattributed it to amuscleinjury from playing
football that afternoon. Becauseof thechest tightness
herequested aclassmaterun arhythmstripfroma
cardiac monitor but themonitor wasunavailable. He
stated hewould go to hisfire station and haveastrip
run by hiscrew members (EMT-Paramedics) after
class.

DESCRIPTIONOF THE FIRE
DEPARTMENT

At the time of the NIOSH investigation, the
combination Fire Department cons sted of twofull-
time fire fighters, three EM S personnel, and 20
volunteer firefightersand served a popul ation of
2,596 in a geographic area of 250 square miles.
Thereisonefiregtation.

Training. New career firefighter applicants must
possessaState Class B driver’slicenseand passa
background check and anord interview. Oncehired,
firefightersmust become State-certified firefighters
and EMT-Basicwithin oneyear.

New volunteer firefighter applicants must be over
age 18, possess a State Class B driver’s license,
passan oral interview, and confirmif they havea
policerecord. Once selected, thefirefighter must
attend training and emergency responses. The
volunteer firefighter recelvestraining ontheessentias
of firefighting in-house or attends the State Fire
Academy. State certificationisvoluntary; however,
thefirefighter must betrained to the Fire Fighter 1
level beforefighting structurefires. Firefighters
recelverecurrent training intheir station at weekly
drills. The State requirement for minimum volunteer
firefighter certificationis 167 hoursfor Basic Fire
Fighter, anadditiona 193 hoursfor IntermediateFire
Fighter, and an additional 187 hoursfor Advanced
FireFighter. State Fire Academy consists of 580
hoursandtrainsfirefighterstotheFreFighter-Basic/
EMT-Basiclevd.

All fire fighter applicants who wish to be State-
certified must passawritten Statetest.

The Staterequirement for annua State-certifiedfire
fighter recertification is 20 hours. Annual
recertificationisasorequired for hazardousmaterials
certification. First Responders, EMTs and
Paramedicsrecertify every twoyears. Thevictim
wasnot certified asaFire Fighter, and he had seven
monthsof fire-fighting experience.

Pre-placement Evaluations. The Fire Department
doesnot requireapre-placement medical evauation
for new members. A performance evaluation of
flexibility and endurance (shooting basketbal infull
turnout gear and SCBA) is required for new
members.

Periodic Evaluations. No annual medical
evauationsor physical ability testsarerequired by
the Department. Fire fighters are encouraged to
recelveacompletephysica examinaionthroughther
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employer or at their own expense. Medicd clearance
for SCBA useisnot required. If afirefighterisinjured
on duty or isill and misseswork, he/she must be
cleared for return to work by his/her personal
physician. Strength equipmentisavailableat thefire
station but not aerobic equipment. No wellness
programisavailable.

DISCUSSION

Because no autopsy was performed, a definitive
“cause of death” cannot be determined. Possible
causesincludeacongenital heart abnormality, heart
attack (myocardia infarction), heart arrhythmia, or
pulmonary embolus. Hisclinical scenarioismost
cong stent with aheart arrhythmialeading to sudden
cardiac death. Dueto the nature of the chest pain
complaints, itisalso possiblethevictim had aheart
attack. Theterm*“possible” isused because autopsy
findings(thrombusformation), ECGfindings, or blood
tests(cardiacisoenzymes) arerequired to* confirm”
aheart attack (myocardial infarction). No autopsy
was performed and the victim had no heart beat to
show the characteristic findings of aheart attack on
hisECG. Cardiac enzymeswere Myoglobin 140
nanogramsper milliliter (ng/mL) (norma 23-72 ng/
mL), CK 139 unitsper liter (U/L) (normal 5-137 U/
L), Troponin T 0.076 ng/mL (normal 0.000-0.099
ng/mL), and CK-MB 4.1 ng/mL (normal 0.1-5.0
ng/mL). Although someenzymesareelevated, the
key cardiac enzymes, CK-MB or Troponin, are
withinnormal limits. Theelevated enzymeslisted
abovewere probably the result of two conditions:
playing football (traumato the chest), and/or the
multiple shocks delivered by the resuscitation
attempts.

In the United States, coronary artery disease
(atherosclerosis) isthemost commonrisk factor for
cardiac arrest and sudden cardiac death.? Risk
factorsfor itsdevel opment includeageover 45, male
gender, family history of coronary artery disease,

smoking, high blood pressure, highblood cholesteral,
obesity, physica inactivity, and digbetes®* Thevictim
had seven of theserisk factors (malegender, family
history, smoking, high blood pressure, high blood
cholesterol, physical inactivity and obesity). He
never complained of symptoms suggestive of
congestiveheart fallure (shortnessof breath, dyspnea
on exertion, swollen ankles, etc.) but did complain
of chest painthenight of hisdeath. Unfortunately,
sudden cardiac death isthe presenting conditionin
up to 20% of cases of coronary artery disease
(CAD).

The narrowing of the coronary arteries by
atherosclerotic plagues occurs over many years,
typically decades.® However, the growth of these
plagues probably occursinanonlinear, often abrupt
fashion.® Heart attacks typically occur with the
sudden development of complete blockage
(occdusion) inoneor morecoronary arteriesthat have
not developed acollatera blood supply.” Thissudden
blockageisprimarily dueto blood clots(thrombosis)
forming onthetop of atherosclerotic plagues. Blood
clots, or thrombusformation, in coronary arteries
areinitiated by disruption of atherosclerotic plaques.
Certain characteristics of the plaques (size,
composition of the cap and core, presenceof aloca
inflammatory process) predispose the plague to
disruption.” Disruption then occurs from
biomechanical and hemodynamic forces, such as
increased blood pressure, increased heart rate,
increased catecholamines, and shear forces, which
occur during heavy exercise?®®

To reduce the risk of heart attacks and sudden
cardiac arrest among fire fighters, the NFPA has
developed the NFPA 1582 guideline entitled
Comprehensive Occupational Medicine Program
for Fire Departments.’® NFPA 1582 recommends
ayearly physical evaluationto includeamedical
history, height, weight, blood pressure, and visual
acuity test.™® NFPA 1582 recommendsathorough
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examination to includevisiontesting, audiometry,
pulmonary function testing, acomplete blood count,
urinalysis, and biochemical (blood) test battery be
conducted on aperiodic basisaccording to theage
of thefirefighter (lessthan 30: every 3years, 30-39:
every 2 years, over 40years. every year). ThisFire
Department does not currently offer pre-placement
or periodic physica evauationstofirefighters.

NFPA 1582 a so recommendsfirefighterswith two
or more risk factors for CAD (family history of
premature [less than age 60] cardiac event,
hypertenson, diabetesmellitus, hypercholesterolemia
[total cholesterol greater than 240 mg/dL or HDL
cholesterol less than 35 mg/dL], and cigarette
smoking) be screened for obstructive CAD by an
EST.*° Theserecommendationsare similar tothose
of the American College of Cardiology/American
Heart Association (ACC/AHA). TheACC/AHA
recommends EST for (1) asymptomatic men over
the age of 40 with ahistory of cardiac disease (asa
screening test before beginning astrenuousexercise
program), and (2) men over age40 with oneor more
risk factors.* They definefiverisk factorsfor CAD:
hypercholesterolemia (total cholesterol greater than
240 mg/dL ), hypertension (systolic greater than 140
mmHg or diagtalicgreater than 90 mmHg), smoking,
diabetes, and family history of premature CAD
(cardiac event infirst-degreerelative lessthan 60
yearsold).”> The U.S. Preventive Services Task
Force (USPSTF) does not recommend EST for
asymptomaticindividuas, eventhosewithrisk factors
for CAD,; rather, they recommend thediagnosisand
treatment of modifiablerisk factors (hypertension,
high cholesterol, smoking, and diabetes).®* Onthe
other hand, the USPSTF states, “screening
individuals in certain occupations (pilots, truck
drivers, etc.) can berecommended on other grounds,
including the possible benefitsto public safety.”*

Sincethevictimhadfour risk factorsfor CAD (family
history, hypertension, cigarette smoking, and

hyperchol esterolemia) an EST would have been
recommended by NFPA 1582. However, theAHA
and the USPSTF are less clear about whether an
EST should have been performed inthisindividudl.
Itispossiblean EST may haveidentified whether
thevictimhad CAD or adysrhythmiaand possibly
ledtomedical treatment that would have prevented
hissudden cardiac death.

RECOMMENDATIONS

Thefollowing recommendationsaddresshealth and
safety generdly. Thislistincludessomepreventive
measures that have been recommended by other
agencies to reduce the risk of on-the-job heart
attacksand sudden cardiac arrest among firefighters.
Theserecommendationshave not been eva uated by
NIOSH, but they represent published research or
consensusvotesof technical committeesof theNFPA
or fire servicelabor/management groups.

Recommendation #1: Conduct pre-placement
and periodic medical evaluations to determine
the fire fighter’s medical ability to perform
duties without presenting a significant risk to
the safety and health of themselves or others.

The purpose of periodic medical evaluationsisto
ensurethat firefightershavetheability to perform
dutieswithout presenting asignificant risk to the
safety and health of themsalvesor others. Guidance
regarding the content and scheduling of periodic
medica examinationsfor firefighterscanbefoundin
NFPA 1582.%° In addition to providing guidanceon
thefrequency and content of themedica evauation,
NFPA 1582 provides guidance on medical
requirementsfor persons performing firefighting
tasks. NFPA 1582 recommends alimited annual
eva uation, including amedical and occupational
history, and alimited physical examination (height,
weight, blood pressure, heart rate and rhythm). In
addition, NFPA 1582 recommendsamoreextensve
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medical evaluation at an interval of 1to 3 years,
depending on the fire fighter'sage. NFPA 1582
recommends exercise stress tests for those fire
fighterswith two or more CAD risk factors.

Applying NFPA 1582 involveslegal and economic
issues, soit should becarried out inaconfidential,
nondiscriminatory manner. Appendix D of NFPA
1582 provides guidance for Fire Department
administrators regarding legal considerationsin
applying the standard. The economic concernsgo
beyond the costs of administering the medical
program; they involvethe personal and economic
costsof dealing withthemedical eval uation results.
NFPA 1500, Sandard on Fire Department
Occupational Safety and Health Program,
addressestheseissuesin Chapter 8-7.1and 8-7.2.14
Thesuccessof medica programshingeson protecting
the affected firefighter. The department must (1)
keep themedical recordsconfidential, (2) provide
dternateduty postionsfor firefightersinrehabilitation
programs, and (3) if thefirefighter isnot medicaly
qualified to return to active fire-fighting duties,
provide permanent ternate duty positionsor other
supportive and/or compensated alternatives.
Unfortunately, the second and third requirementsmay
not beworkableinavolunteer department and could
thusimpair both acceptance by firefightersand the
fire department’s ability to recruit and retain fire
fighters

Applying thisrecommendation invol veseconomic
repercussionsand may be particularly difficult for
gmall, rurd, volunteer firedepartmentsto implement.
To overcome the financial obstacle, the Fire
Department could urge current members to get
annual medical clearances from their private
physicians(al so see Recommendation #3). Another
optionishaving thebrief annua medicd evauations
recommended by NFPA 1582 completed by the
volunteer fire fighters themselves (medical and
occupationd history) and by EM Tsfromthecounty’s

emergency medical service (vital signs, height,
weight, and visua acuity). Thisinformation could
then be provided to acommunity physician, perhaps
volunteering hisor her time, to review thedataand
provide medical clearance (or further evaluation, if
needed). The more extensive periodic medical
examinations could be performed by a private
physicianat thefirefighter’ sexpense, provided by a
physician volunteer, or paid for by the Fire
Department. Sharing thefinancial responsibility for
these evaluations between volunteers, the Fire
Department, and willing phys cian volunteersshould
reducethenegativefinancid impact onrecruitingand
retaining needed volunteers.

Recommendation #2: Fire fighterswith two or
morerisk factorsshould have an Exercise Stress
Test (EST).

Recommendation #3: Ensure that fire fighters
are cleared for duty by a physician
knowledgeable about the physical demands of
fire fighting and the various components of
NFPA 1582 and the results of the examination
are discussed with the fire fighter..

Physicians providing input regarding medical
clearance for fire-fighting duties should be
knowledgeabl e about the physical demandsof fire
fighting and familiar with the consensusguidelines
published by NFPA 1582. To ensure physicians
areaware of these guidelines, we recommend that
the Fire Department provide the contract and
private physicianswith acopy of NFPA 1582. In
addition, we recommend the Fire Department not
automatically accept the opinion of theemployee's
private physician regarding returntowork. This
decision requires knowledge not only of the
employee’s medical condition but also of the
employee’s job duties. Frequently, private
physiciansare not familiar with an employee'sjob
duties or with guidance documents such asNFPA
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1582. Lastly, werecommendthat all return-to-work
clearances be reviewed by a County/Fire
Department contracted physician. Thus, thefinal
decision regarding medical clearancefor returnto
work lieswith the County/Fire Department withinput
from many sourcesincluding theemployee' sprivate

physcian.

Recommendation #4: Phase in a mandatory
wellness/fitness program for fire fighters to
reducerisk factorsfor cardiovascular disease
and improve cardiovascular capacity.

Physical inactivity isthemost prevaent modifiable
risk factor for CAD intheUnited States. Additiondly,
physical inactivity, or lack of exercise, isassociated
with other risk factors, namely obesity and diabetes.™®
NFPA 1500, Sandard on Fire Department
Occupational Safety and Health Program, and
NFPA 1583, Sandard on Health-Rel ated Fitness
Programs for Fire Fighters, require a wellness
programthat provideshealth promotion activitiesfor
preventing health problems and enhancing overal
well-being.*1° In 1997, theInternationa Associaion
of Fire Fighters (IAFF) and the International
Association of Fire Chiefs (IAFC) published a
comprehensve Fre Service Joint Labor Management
Wellness/Fitness Initiativeto improvefirefighter
quality of life and maintain physical and mental
capabilitiesof firefighters. Tenfire departments
acrossthe United States joined thiseffort to pool
information about their physical fitnessprogramsand
to create a practical fire service program. They
produced amanua and avideo detailing e ementsof
such a program.’ The Fire Department should
review thesemateridstoidentify goplicabledements.
Other large-city negotiated programs can also be
reviewed aspotential models. Small volunteer fire
departmentsshould review the programs mentioned
aboveand determinewhich componentsare practical
for them.

Recommendation #5: Designate a City
employee to administer the pre-placement and
annual medical evaluationsandtheir outcomes.

Thisemployee should maintainthe confidentidity of
themedical records. If thisemployeeisamember
of the FD and participating in the City’s annual
medica evauation, apolicy should prevent themfrom
administering the programto themselves.

Recommendation #6: Perform an autopsy on
all on-duty fire fighter fatalities.

In 1995, the United States Fire Administration
(USFA) published the Firefighter Autopsy
Protocol.*® Thispublication hopesto provide*amore
thorough documentation of the causes of firefighter
deathsfor three purposes:

(1) toadvancetheanaysisof the causesof firefighter
deathsto aid in the development of improved
firefighter health and safety equipment,
procedures, and standards;

(2) tohelpdeterminedigibility for death benefits
under the Federal government’s Public Safety
Officer BenefitsProgram, aswell as state and
local programs; and

(3) toaddressanincreasing interest inthe study of
deaths that could be related to occupational
illnesses among firefighters, both active and
retired.”

Thisfinding did not contributeto thisfirefighter’'s
death, but was identified during the NIOSH
investigation.

Recommendation #7. Provide fire fighters
with medical evaluationsand clearanceto wear
SCBA.

OSHA'sRevised Respiratory Protection Standard
requiresemployersto provide medical evaluations
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and clearance for employees using respiratory
protection.’® These clearance evaluations are
required for privateindustry employeesand public
employees in States operating OSHA -approved
State plans. Texas is not a State-plan State;
therefore, public sector employersare not required
to comply with OSHA standards. Nonetheless, we
recommend voluntary compliance with the
Respiratory Protection Standard. A copy of the
OSHA medical checklist hasbeen provided to the
Fire Department.
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